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ADDITIONWAL TEST DATA O STATIC LONGITUDINAL STABILITY*

By Walter Hubner
SUMMARY

1. In this particular airplane (Junkers F 13 ge) very
minute changes in elevator displacement are equivalent to
a profound change ia 1lift., This "response" abates as the
1ift increases; it is not as pronounced at idling as 1t is
with full throttle, For equal rapid up-elevator the case
A accelerations with full throttle should ecxceed thosc at
idlirg. Changiug from idling to full throttle with eleva-
tor locked results in markedly higher 1ift. The increaso
in 1lift with the angle of attacl: is consideradly groater
with full throttle. Accclerations due to gusts will prob-
ably be grecater with full throttlo thaan at no load. With
full throttle the static stability is lower despite the
higher dynamic prossure on tac %ail surface and the appar-
ently smaller downwash angsle. This is largely due to the
fact that the change of 1ift with the angle of stabiliger
setting is greater with £fwll throttle.

2 The stability with elevator released is about the
same as with elevator locked when the c.g. of the elevator
lies in its axis, but smaller with elevator released when
thhe CeZe is ahead of the axis and greater with elevator
locked when aft of the axis. An additiomal 18 pounds of
weight ia the elevator balance shifted the neutrally sta-
ble c.ge. position from 40 to 30 percont of the mean chord
with full throttle, and from 44 to 36 percent at idling.
The effect of c.ge displacoments of the elevator on the
stability with elevator roeleased is loss with full throt-
tle than at idling.

3¢ TFor equal egnilibrium condition, the elevator
forces are greater at idling than with full throttle. The
ratio: equilibrium-dynanic pressure with engine 1dling to

*"Weltere Ergebnlsse von Messungen der statischen Langs—
stabilitat. Luftfahrtforschung, May 15, 1934, pp. 5-15.
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equilibrium-dynamic nressure with full throttle for the
same stabilizer setting changes with this setting. It
drops as-the airplane is more noseheavy - as the equilib-
rium~dynamic pressure with full throttle is greater. Bal-
ance weights ahead of the elevator axis may lower the el-
evator control forces quite congsideradly; at the same time
this results in lowered static longitudinal stability with
elevator released,

A, STABILITY WITH ELEVATOR LOCKED

The purpose of the investigation was to explore the
Lnflucnce of the weights of the controls on the stability
with elevator released. The available test data (reference
1) were extended to stability with elevator locked. 1In
this connecction the study of the propeller effect seemed
of vital 1mnortance.

Test Procedurse

The airplane was a Junkers F 13 ge low-wing monoplane
(fige 1)e The measurements: elevator deflections, dynam-
i¢ pressure, pitching, altitude, and propeller r.pe.me. were
effected in steady level flight for different c.g. posi-
tions at idling, full throttle, and five intefmediate
throttle settings.

The results with full ‘throttle were serviceable up to
Cyg -~ 1e2; at higher 1ift coefficients* the airplane could

not be held in equilibrium long enough without moving the
elevator. . For idling and partially closed throttle the
figures conld only be evaluated to cg5 ~ 0.6. Elevator

flutter about its axis at low dynamic pressures within an
amplitude as high as 1 made accurate evaluation of the
record impos 31b16. ‘

Accuraecy of the Measurements

The instrumental errors were estimated as follows:

*At c, & 1.2 the airplane had-a tendency te yaw without

changing in bank, thus going into a sideslip. This caused
a rapid drop in dynamic pressure and was followed by pitch-
ing about the axis of rollt
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Measurement Estimated ; Measurement Egtimated
o error o ‘ 1  error
Elevator o :
deflection *0.2 TeDeme £20 r.pe.m.
Dynamic . . ' Stabilizer o
pressure +3 kg/m? setting +0.1
i .
Pitching +1° c.g. position +0,5% b,
Rate of climb +0.5 m/s flight load +5 kg

. The degree of accuracy attained is small despite the
little scattering of the test pointse. It suffices for es~
timating the loads on the airplane in order of magnitude
and mutual relationship but not, however, for the numeri-
cal evaluation of the obtained absolute figures as, say,
the results of wind-tunnel measurements.

NCTATION

CpH: coefficient of pitching moment (positive =
noseheavy noment).

o (deg.), angle of attack of airplane = angle between
thrust axis and flight path (positive =
level off),

oy (deg.), downwash angle = angle between flight path and
mean air-stream direction at tail surface (pos-—
itive eguivalent to decrease in Q).

By (deg.), elevator deflection. (See fig. 2.)

8g (deg.), stabilizer setting. (See fig. 2.)

A, coefficient of advance of pnppeiler = flight
speed to tip speed.

r % by, Tear c.g. positions”

ro% tm s neutrally stable CeSe = TEBT position of c.ge.

at which static stability about axis of pitch-
ing is zero with elevator locked.,
(kg/m X0.204818=1b./sq.ft.) (m/sX3.28083=ft. /sec.
(kgxz 20462= lb ) . ‘

- bﬁ .'_.-_A(, L s
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kg/m? dynamic pressure.

Q

" qg kg/ma, mean dynamic pressure in slipstream on tail
surface. :

q;, ¥e&/m?, mean dynamic pressure on tail surface with en-
gine idling

S kg, propeller thrust.
) _denote full throttle; o, idling; o . partially
closed throttle; X + denote values deduced from calcula—

tions or from shape of curves.

RESULTS

‘Figureé 2 illustrates a direct test record: 1ift co-
efficient and elevator deflection for different stabiliz-
er settings. The results for different c.g. positions and
partially closed throttles are similar. The curves o b~
tained with full throttle are bent, a trend not recognized
in previous measurements, bteing made at comparatively low
static stability wherety the change in elevator setting
and the curvature were less. . The instrumental accuracy
also was less in the previous experiments,

The r.pe.me for different throttle settings versus dy-
namic pressure, shown in figure 3, afford another example.
These data, together with corresponding measurements, gave
the coefficient of advance A.

Pitching Moment and Static Stability

'The coefficient of pitching moment ecpmp and the
static stability chH/Sca may be determined Tor the in-
dividual operating conditions for which A is variabdle, as
well as for different comstant A . TFigure 4 shows cpg
versus ¢, for several comstant A with full throttle.

It reveals the change in A at full throttle resulting
from changed 1ift. Betwcen c5 = 0.2 and ¢y = 13, A=

024 to Oo0ll. TWith engine idling, A = 0.38 and 0.40;
that is, the changes are ninute. For constant A the de-
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is in fairly linear relation;

“with full throttle the change in A\ causes a curved change

in cppy

in the sense of lowering the stability ScmH/Sca.

The method of plotting figure 4 is that of the Gottlngen
Aerodynamic Institute and seems suitable for wind=-tunnel
and flight tests (reference 2).

Figure 5 shows the neutrally stable CeSe p031t10n ry

and the static elevator effect of depp/dfx
As M increases,

(mean gqg
the "rear,
depn/ dpH
stream is
sponding
tion that

and

gth/dBH

versus A).

depp/dfy  decreases rapidly.
in the slipstream to that in the undisturbed air
approxlmately equal to the ratio of the corre-

versus A

ro shifts to

The Tatio

This ratio was obtained under the assump-

and

g at idling,

amount to 85 and

90 percent of the value for the undisturbed air stream. -

TABLE I
propeller 1ift de Cege PpoOsition
advance coefficient aBm
e for EE@E =0
deg,
0.109 1.3 0.035b
0.114 l.2 C.0337
0.118 1.1 0.031
C.1l24 1.0 0.030
0.130 0.9 0.0275
0.138 0.8 0.0255
Del46 Oe? 0.0236
QO.156 0.6 0.0228
0.15 0«66 0.0242 0.374 o
0.20 0.32 0.0194 (0.02%*) 0376 (0¢365%*)
0.25 - 0.0165 0.376
O.ZO - On0148 0038
Q0e35 - 0.0142 0,387
0.+40 - 0.0138 (0.014*)| 0.3915 (0.39%)

*Previous measurements (referernce 1).
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8ec

Statia-Elevator Eiﬁect';g~%§ and Dynamic Pressure

‘at Taﬁl Surface

The value of ScmH/SBﬂ with full throttle and engine

idling, as given in previous reports, was determined for
different N (fig. 5) and with full throttle for different
e, (fig. 6). L

It will be seen that the elevator effectiveness in-
creases as A decreases and ¢, increases. These changes
are substantially stipulated dy the changed dynamic pres-:
suare in the slipstreom. On the premise of the mean dynam—
ic pressure on the tail at idling being 85 and 90 percent
of the dynamic pressure g (reference .3), which gives the
mean dynamic pressure on the tail surface in a glide at
~ 90 percent of the dynamic pressure based on wind-tunnel
data) we computed qD/qL (figs. 5 and 6).

Then we determmined from gqg the propeller thrust
which would result conformably to the jet theory under
the assumption that the jet section on the tall surface
equals the propeller disk area. A comparison with dyna-
mometer hub test data shows the actual thrust to be about
60 percent higher than that thus determined (fig. 7).

This discrepancy may in part be due to the fact that the
jet section at the tail surface is (about 60 percent)
grocater than the propeller disk area.

The Relation of Air Load to Angle of Attack

The angle of attack is the difference between angle
of climb and pitch; that is, of two factors not amemnable
to very exact determination. The first is particularly
difficult to define because of the great errors in the.
rate~of-climb measurement. The results obtained for the
angle, of attack (fig. 8) are therefore only approximate.
However, the data agree quite closely with previous meas-
urements., s

.. According to figure 8, the risc of ¢4 aga1nst the
angle of attack with full throttle is 8a/8cy ~ 9° on
account of the chan~xes in M\; that ig, greater than corre~
sponds to the aspect ratio of the wing for constant A,

The dependence of the air loads on the tail surfacse
may be estimated conformadly to figurc 9 (obtained from
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measurements;withfdifféront stabilizer settings) as follows:

Sema - %CmE 1,48 x SOnE

da a8y dfg

Mean Dowanwash Angle on Tail Surface

On the bagis of the test data the mean downwash angle
at idling and full throttle and its dependence on the 1ift
can be estimated,

The moment due to propeller thrust may be ignored,
since here the thrust line passes approximately through
the ceg. of the airplane. Since «a and &y are known,
the tail surface moment without downwash effect is deter-
minable. For <¢cg5 = 0, the difference of total moment and
tail=-surface noment gives the wing moment cpyp ~ 0.10.

The stability of the wing was assuned at Scpu/8cy, = 0.25.
for r = 0, that is, c.g. position in lcading edge of cen-
ter scction of wing., Tne difference of total moment and
wing moment gives the tail surface mement without downwash
effect. The difference of %tail-surface moments with and
without downwash gives the moments cpy due to downwash.

The downwash angle results from the moment:

cuw d9g

[0 =z
W d-cmH

Figure 10 illustrates the individual effects on the moment
carve with full throttle (relative to the leading edge of

the rean wing chord). I% was assumed that émO = constant
for the wing moment and dey = 0.25 and that the downwash
angle Qg = 0 at ecg = 0. From figures 6 and 9 we comput-

ed dcmH/da and from it the tail-surface momenit without

downwash by means of the angle-~of-attack measurements,

The sum of this moment and that of the wing gives the to-
tal moment without downwash effect. The moment produced
by the downwash is given Dby the difference between the to-
tal moments with and without downwash effect. (For the
latter, see fig, 4.) The downwash angle 0y results from
dividing this "downwash noment" by dcmﬂ/da, On the prem—
ise of zero downwash at c¢5 = 0, we bave cpg ~ 0.10.
Figure 11 shows the discussed downwash angle Oy vVersus
c,, as deternined for full throttle and idling conforma-
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i

bly to the assumptions cited in figure 10. These downwash
"angles are greater at idling than with full throttle. The
explanation for this is that the slipstream pushes the
flow at the tail surface more toward the propeller axis.
If this holds true, it should be possible to influence the
stability through the setting of the propeller axis.

On the other hand, it is questionable whether the as-
sumption ecpg = constant 1is legitimate for full throttle

flight. It is mnot improbadle that cpg changes with N,

In this particular airplane the slipstream lies substan-
tially on the upper surface of the center section of the
wing. -Hence the higher dynamic pressure on the upper side
with full throttle; this increwent is so much greator as
the 1ift coefficient is greatcr and as A is smaller., A
greater circulation, i.e., 1ift, is thereforse to be ex-
pectéds This'rise in c, may perhaps be bound up-with a
greater- -cpo - (analogy with changed camber). But, if CmO
inereases while A ‘decreases, the downwash angles with
~full throttle must be greater than those obtalned on the -
prOM1se of e¢yp = constant. :

3. EFFECT OF MOMEWNTS OF WEIGHT OF CONTROLS ON

THEE PITCHING MOMENT WITH ELEVATOR RELEASED

Previous flight tests (reference 4) had shown the lon-
gitudinal stability with elevator released to be greater
at any cege position than with elevator locked. This was
attributed to the influence of the unbalanced weight of the
controls and to the elevator and theoretically affirmed by
Blenk {reference 5). Jowever, a check against free flight
~measurements seemed very opportune,

Test Procedure

The same Junkers F 13 ge was vsed again., The test
progran included turece different control weight arrange-
ments with which the eguilibrium dynamic pressure for cl-
evator released was measured in dependeunce of stadbilizer
setting and of. Ce s position with full throttle and englne
idling. The wing loading was around 40 kg/m
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- NOTATION
 pitching moment coefficient relative to lead-
ing edge of mean wing chord (positive = nose~
heavy moment).
(deg.), elevator deflection (positive = up elevator).
“ (deg.), control stick displacement (positive = pulling).
(deg.) , stabilizef'settlng relative to thrust axis
' (pos1t1ve when leading edge of stabiliger 1s
below propeller ax1s)
(deg.), pitch of airplane = angle between thrust axis
and horizon %p031t1ve in clinbd).
(kg), control stick force due to control weight mo~
o ments (ho"1t1ve when direction of foree is as
with noseheavy airplane).
(m), . mean wiﬁg chord = chord at Zb/SW from center
of wing = 2.62 m.
(m), nean elevator chord = 0,57 m.

Results of Tests

Figures 12 and 13 show the general experimental ar-
rangemnents, The flight tests were made as follows (see
table II):

Arrangement A.- A 6 kg weight placcd at 0,41 m for-
ward of elevator axzis for balance: p.g. at =~5.35
percent of mean elevator chord. :

Arrangement B.~ A 3 kg weight placed 0.42 m ahead
of elevator axis for balance; c.gs at +3.4 per-
cent of mean elevator chord.

Arrangement Ce- ¥o weights for elevator axis; a 3.7

kg weight ctn control stick; c.g. at 17.2 percent
of mean elevator chord. (PreV1ous measurements
of elevator locked were made with this set -up -
section A of this report.)

RV

(m X 239.37 = in.,)
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Figure 14 shows the theoretical and experimental ar-
rangement of control stick and elevator displacements to-
gether with the change in control transmission ratio with
the elevator displacement.

The moments of the weight of the controls about the
cogprql lever axis were analytically defined according to
individual weighing, as well as measured direct with a
control force recorder. The results - the force on the
control stick - are illustrated in figure 15 for divers
elevator displacements versus angle of pitch of the air-
plane., The dependence of pitch and 1lift coefficient is
seen in figure 16, whiles the relations betwecn elevator
displacement, stabilizer setting, and c.g. position arec
known from section & of this report.

Pitching Moments with Elevator Locked, and Released

The pitching moment coefficient in figures 17, 18,
20, and 21 aroc referred to the leading edge of the mean
wing chord, and computed for a stabilizer setting 6H =

. =2,5% with elevator locked and extrapolated for elevator

setting By = 0. In view of the number and scattering of
the test points, table II gives only a few mean values.,

The setting, with elevator released, differs for each
arrangement (figs. 19 and 22).*

With arrangement A this elevator displacement has the
direction "up~elevator"; thus reducing the pitching mo-
ments. At idling the elevator displacement in "pulling'
direction increases with the 1ift (see fig. 22), followed
by a perceptible decrease in stability within the whole
1ift range explorod. (Sece fig. 21.) With full throttle

the elevator displacement changes little at higher c,

(see fig. 19), and only up to ¢z ~ 0.4 may the change
and reduction in stability be perceived. (See fig. 18.)

*Wo measurable effect of the c.ges position on these eleva-
tor displacements was obtainable within the explored range
(r ~ 27.8 to 37 percent ty). Consequently the conversion
of the moment coefficients to other c.gs positions - at
least, within this same range - appears Jjustified,
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TABLE II
lvMéan'ValueS'of Recorded Pitching Moment Coefficients:

Relative to Leading Edge of Mean Wing Chord 8y = =2.5°

Cm {‘ Cm i Cm Cm
Ca, Elevator released
ﬁH=OQ Set-up 4 Set-up B Set-up ©
- Pull
throttle
0.2 (0.035) 0.03 0,045 0.055
03 | 0.07 0.065 0.085 0,095
0.4 5 0.105 0.10 0,12 0,136
0.5 0.135 0,13 016 0.175
0e6 ! 0.17 0,16 0,195 0,215
0.7 0,20 0,19 Q.23 0,265
0.8 0,235 0.225 0.27
0.9 0.265 Q.26
1.0 0430 Cer9
1.1 0.33 0.32
le.2 036 0.305
Idling
0.2 (0.045) 0.04 0,05 0.06
0.9 ) 0.08 0.,08 0,09 0,105
0.4 N 0,12 0,115 0,135 (0.15)
0.5 0.16 0.15 0.175
0.6 f 0.20 i 0.185 | " 0.21b
e [ hl -

7ith arrangements B and C the c.ge. of the elevator is
aft of the axis, so with elevator relcased it assumes a
"down-elevator' direction, which increases with the 1ift
coefficient. The result is an increase in noseneavy mo-
ments with the 1ift in the sense of increaged stability.
The increment of the elevator deflection in "push" direc-
tion and through it of the stability, is greater for ar-—
rangement ¢ than for B, Figure 23 depicts dcm/dca ver-
8US Co&e position from the axis of the control with eleva-
tor released. (dcp/de, 1is referred to the leading edge
of the mean wing chord.) If the c.g. lies ahead of the
hinge the stability with elevator released becomes less;
if aft of the hinge, greater than with eglevator locked.
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AZ$hift of the elevator.c.g. of 10 percent of the mean el-
evator chord suffices, as may be seen, to shift the neu-
trally stable ceg. with full throttle from 1.5 to 3.5 per-
cent, and from 2.5 to 4,5 percent of the mean wing chord
at idling. It should bs noted that arrangements & to C
are not only unlike as to co.g» position, but also as to
weight of control.

figure 23 was chosen
the whole control is
the magnitude of the
Il approximate the
to ceg8s position

The method of representation of
cven though the unbalanced moment of
decisive for the control settiag and
stability. Thus figure 23 and table
neutral stability of the airplane as
relative to mean wing chord.*

TABLE III
. e .
Stability g5 for the Different Arrangenments**
L ‘ —
Bal- ilomentiWeight|. Distance of dc
ance about of . Cegs 0OFf EEE .
Set~up | weight! ele- ele-i. elevator a
vator| vator| from hinge at cg ~ 0.3
hinge | full
kg m kg kg m | 4 of |throt-| idling
Lty tle '
A 6 ~0.82; 22.7|=0.036l= 6.,35| 0.34 | 0436
B 3 +0.38] 19,7!+0.019'+ 3.4 | 0.375| 0.405
C 0. +1,64 16.7{+0.098 +17.,2 | 0.40 0444
elevator i o ’
locked ~ - - - 1 - 0.36 | 0439
dc
Arrangement amg Reference
. Ca,
full throttlel idling
C 0.43 .44 .
. - ¢ DVL Report No. 166
Elevator locked 0.36D0 0,392 (reference 4)

*To illustrate: dcm/dca = Q434 (referred to leading edge
of tp) denotes that the airplane becomes

neutrally stable at a ceg. position of
Ce34 of the mean wing chord.

**Previous measurements yielded.
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C. EFFECT OF c.g. POSITION OF ELEVATIOR ON

‘'THE ELEVATOR CONTROL FORCES -

The amount of the elevator forte, .that is, its rise
with dynamic pressure changes, is dependent on the moments
about, the elevator axis as well as those of the weight of
the controls. For this reason it seemed interesting to
establish the manner in wailch changes in control moments
affect the control force, that is, determine the elevator
force in unaccelerated flight relative to the stabiliger
setting for different control moment arrangements.

Test Procedure

The airplane was a Junkers F 13 ge (fig. 1). Its ceg.
was at 28 percent of the mean wing chord with an approxi-
mate loading of 40 kg/m?. The measurements included both
full throttle and idling with different stabilizer set-
tings. The control moment arrangements obtained with dif-
ferent weights in the elevator balance were as follows.

Moment Weight Distance of cege
about of el- i from axis
Arrange-— Balance ele- | evator % of mean
ment weight vator elevator
, axis chord
kg n kg kg m
A 6 ~0.82 22.7 1—0.036 ~6.35 -
B | 3 +0.38 19,7 | +0.019 +3.4
NOTATIONW
ChnE pitching moment coefficieant with elevator
released relative to airplane c.g. (posi-
tive = noseheavy moment). ‘
éa, 1ift coefficient.
ca*, 1ift coefficient at equilibrium'with eleva-

tor released,
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g (deg.), elevator displacement (up-elevator positive).
8g (deg.), - stabilizer setting (positive when igading
- edge of stabilizer is below axis of pro-
peller). '
Py (kg), elevator control force = force on control

stick necessary to hold alrplane in equi-
librium (positive when force is as w1th
noscheavy airplane). :

q , .(kg/m2), dynamic pressure.

o,* :(kg/m2), ‘dynamic pressure at eguilibrium with eleva-
tor released (P = 0), full throttle.

qL* (xg/m®), dynamic pressure at'équilibrium with eleva-~
tor released (P = 0), idling.

Results of Tests
' Ef‘ect of Stabilizer Setting on Elevator Control Force

The elqutor control force and the correspondlng dls~

placements with arrengement A are shown in figures 24 and

25 versus the dvnanzc pressure for four stabilizer settings,
and those w1ta arraqgenth B for five stabilizer settings

in flgure 26, In the latter the elevator displacements
have tesn omitted since they are not affected by a change in
control moments; that is, correspond to those measured with
arrangement A, These graphs show that s change in stabiliz-
er setting modifies the eguilibrium &yanamic pressure

g* (P = 0) as well as the increase of the control force
agalnst dynamic pressure dPH/dq. The trend of the control

force is rectilirear up to small dynamic pressures, hence
may be expresscd for each stabilizer setting within the
most important flight range by a value dPH/dq. High ab-
solute dPg/dq denote that great control force must be
apolied to change the dynamic pressure without modifying
the stabiliger setting. The test data revesl that dPh/dq
is great when the eguilidbrium dynanic vressure is low, tlhat
is, when, owing to srall negative stabilizer settings, tae
airplane is tailheavy. On the other hand, if the airplane
is noseheavy with the game c.ge. position, then dPH/dq is
small; that is, less =2dditional control force is necded %o
insure the same dynamic pressure changes.
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To illustrate: With arrangement 4 for a stabilizer
setting d8p = - 1. 8° at full throttle, it requires an
0«7 kg change in control force to raise or lower the ay~-
namic pressure 10 ;g,m* vhereas for &8y = = 2. 90 it

requires scarccely half as much {03 kg). With tailheavy
stabilizer setting the control foreces will prodbdably be es-
timated as grea®t; with nogeheavy setting as small,

The rise of dPy/dq is shown in figure 27, with g
as ordinate resulting from equilibrium dynamic pressure
g* (table IV). The graphs show a straight line with full
throttle and idling, which pass through the origin of the
ordinate; conseguently, dPﬂ/dq drops linezrly with cg*.

For ecqual Ca*’ dpw/ is greater at idling than with
full throttile.

Comparison of Controcl Forces at
Different ceg. Locations of the Elevator

According to fizgure 27, the differcnces of dPH/dq
with full throttle and engine idling are about the same
for equal cgy* with either arrargement, A or B, But the
absolute values of dPy/dq are markedly higher for B than
for &4, This mosus that shifting the ce.g. of the elevator
to tie rear resmlits in a substantial rise of control forcc.

Frevious tecsts {(reference 4) had shown that with con-
stant equilidbrium attitude (g* and ca*) the value
dPH/dq caanges linearly with the stability for elevator
released dcmH*/dca, and becomes zero with it., Now for

equal c.g. position with set-up A, the stability with free
elevator is lower than with B, so that for this reason
aloae a smaller dPg/dq may be expected,.

For equal stabilizer setting dPE/dq igs about the
same for both arraniements & and B. (Sce fig. 29.)
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TABLE IV
Reiétion betweeﬁ Equilibrium Dynamic Presgsure and
Rise of Control Force with Stabilizer Setting
Full throttle Fnglne idling
Dy~ Dy~
namic namic
Con=- pres- pres-—
trol sure sure
ar- | gy | &t legr | TFE o) at | oopx) BPE o9 o,
range-— jegui- a equi- a L v
ment |10~ | 4 1ib- i v
}rium rium
, : *
-t a7,
ikg/m? ! g/ m? ! kg/m?2
A -1.8 | 33 [1.22 [-0.073} 70 0.575]=0.069|2.12| 37
~2.0 } 35 1.15 (=-0.084f 7¢ 0sB1 i=0.,082]|2.25] 44
=2.7 | 66 10,61 {=0.039!108 [0.375/-0,046!1.64! 42
-2.9 | 87 30.465|~0.03 132 0.305{~0.034 1.52] 45
=20 | 36 :lel4 @ T7.510652 2.15, 41.5
{~=2.056! 86.,5,1.1 82 |0.495] 2.24| 45.5
i~2.2 | 43,5(1.,92 | 84 10,48 | 1.93] 40.5
[=2.4 | 5 1Ce735 o7 0,415 1,76 42
-2.47 57 ; i 100 , % 1.75] 43
~2.67] 67 30.60 ' 111l O.ZGB{ le66] 44
-3.,0 {101 | 149 i 1.47| 48
I
B ~-1.,0 50 0.80 {=0.108! 86 0.4651-0.,088 1.721 36
-146 65 0.,515|=0.,076] 104 0.385=~0 l.6 39
~2+3 | 110 04365[=0.05 |152 0'265|—O'O52 1,38 42
=-2.6 1145 0.2751=0.,028|178 0e225;-0.044|1.,23| 33
-2.,9 {204 0«20 {=0.030(240 0.17 |=0.034(1.17| 36
~1le6 113 0435
~1a46 111.5{0,36
"‘2.16 105.5;0058
~2.16 111.5i0.36 134 0.30 1.2 22.5
-2.1861110 0e36 X
~2.6 |151 §o.26 |
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Bffect of Stabilizer Setting and Elevator ce.g. Location
on the Equilibrium Dynamic Pressure.
~ for Full Throttle and Idling

This relationship is shown in figure 28. It is also
seen: how the equilibrium dynamic pressurs changes when
. ‘ehdnging from full throttle to idling without modifying
the stabilizer setting. This change should be small.
(According to Airplane Specifications Bulletin Yo. 4515,
"The airplane speed with throttling ..... shall not ex-
ceed 20 percent of the lovel-flight speed with full throt-
tle.") TFor comparison, we give in figure 30, qL*/qv*;

that is, the ratio of equilibrium dynamic pressure at
idling and full throttle for equal stabilizer setting ver-
sus- full throttle dynamiec pressure g *. This ratio 1s
great at low qv* ~and. decreases rapidly with increasing
qv* .

Bringing the airplane with full throttle at low dynam-
ic pressure into equilibrium and then throttling the en~
gine down to idling, results in & new equilibrium dynamic
pressure which is more than twice as high as the original.
Contrariwise, the dynemic presstre at idling is only about
20 percent higher than with full throttle when the latter
was chosen high. Tablec IV shows that the difference
(ag* - a,*) is of the sanc order of magnitude for any

stabilizer setiing.

A comparison of qL*/qv* with either control arrange-

ment (see fig. 30 and table IV) shows that arrangement B
is somewhat more propitious than A, although the dirffer-
ence is slight.

Translation by J. Vanier,
National Advisory Committee
for Aeronautics.
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LEGENDS

FIGURE 1.-Ceneral arrangement drawing of Junkers F 13 ge.
Characteristics

F, wing area 44,4 m®
(477.92 sq.ft.)

b, span 17.75 m
(58.23 ft.)
t,, mean chord (at 2b/2m 2.62m
of wing center) (8.60 ft.)
a, rear position of leading
edge of mean wing chord 0e518 m
from leading edge of cen- ( .518 ft.)
ter section of wing
Fy, area of horizontal taill 7.0 m
surfaces (22.97 ft.)
by span of horigzontal tail
surfaces 5.6 m
(18.37 ft.)
Ay, width of fusselage at leading 0.4 m
edge of stabilizer (1.31 ft.)
by - lOm, free span-width of horizon- 5.2 m
tal tail surfaces (17.06 ft.)
Mg = b5~ /Py, aspect ratio of horizontal
tail surfaces 4.5

2
Ag=(bg-Ly) /FH’aspect ratio of horizontal
tail surface 3.9

Fp, area of stabilizer . 367 m=
(39.5 sq.ft.)

Fg, area of elevator 3.33 m®
(35.84 sq.ft.)

Fg/Py, relative area of elevator 0.475
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H» distance of elevator axis 6.7 m
from c.g. of airplane : (21.98 ft.)
Fbn/ly FaH. . 2.48m
(8.14 ft.)
GRr, net weight 1440.00 kg
(3174.65 1b.)
G, ’ - flight load 2300.00 kg
I . (5070.63 1b.)
Enzine, Junkers L b
N, horsepower 300.00 hp
(295.89 hp.)
c.g&, positions of operating range in % tms ~27.8 to

39.1

FIGURE 2.~cs versus g for different stabilizer settings
5.

FIGURE 3.-Fropeller r.p.m. versus dynamic pressure for
different throttle setiings. :

FIGURE 4.-Moment coefficient cpg versus ca for differ-

FIGURE 5.-c.g. position 1, and static elevator effect
depy/dPg  versus A,

FIGURE 6.-dcyy/dfyg and qp, . Versus Cg.

FIGURE 7.-Comparison of propeller thrust computed from qg
with tkrust test data.

FIGURE 8.-cp versuas O.

FIGURE 9.~Elevator displacement at zero 1ift versus stabil-
igzer setting.

FIGURE 10.-Individual effects on ¢ with full throttle.
FIGURE ll.-Towanwash angle Oy Versus Cgs

FIGURE 12.-Control arrangement of Junkers F 13 ge.

-~
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FIGURE 13.-Elevator of Junkers ¥ 13 ge.
Stabilizer area: 3.67 m® (39.5 sq.ft.).
Mean slevator chord: 0.57 m® (6.14 sq.ft.).
Elevator area: 3.33 m? (35.84 sq.ft.).

FIGURE l4.-Elevator and control stick displacement control
transmission ratio (§ = 0°).

FIGURE 15.~Forces on control stick Pp caused by the mo-
~ments of the weight of the controls with the three set-
ups &, B, C. (YNoseheavy moments positive (5§ = 0°;)

FIGURE 1l6.~cg versus pitch 3.

FIGURE 17.-Pitching moment coefficient ¢, versus leading
edge of mean wing chord for elevator locked with full
throttle (8§ = ~2.5°, By = 0).

FPIGURE 18.~Pitching moment coefficient ¢, versus leading
edge of rean wing chord for elevator released with full
throttle (8§ = -2.5°, Bg = 0).

FIGURE 19.~-Elevator displacement Ly with elevator re-
leased with full throttle for set-ups A to C.

FIGURE 20.-Pitching moment cosefficient for elevator locked
at idling (8 = -2.5°, By = 0).

FIGURE 21.-~Pitching moment coefficient for elevator re-
leased at idling (8§ = =2.5°, By = 0).

FIGURE 22.-Displacement By with elevator released at
idling for set-ups 4 to C.

FIGURE R3.-Effect of c.g. position of elevator on dcy/de,
with elevator released.

FIGURE 24.-Arrangement A. ZElevator displacement and con-
trol force at &, = -1.8° and -2.0°.

FIGURE 2b.-Arrangeuwent A. ZElevator displacement and stick
force at 8y = -2.7° and -2.9°.

FIGURE 26.~Arrangement B. Control force at &g = -1.0°,
-1.6%, -2.3°, -2,6°, and -2.9°.
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FIGURE 27.~Relation between increase of control force

ar

EEE and equilibrium attitude with free elevator
v OPH . lip 1 Lth " . "

Ca Ea~ rises linearly wi ca*, 1s greater at

idling than with full throttle and greater with more
rearward c.g. (arrongement B) than with more forward
ceg. position (arrangement 4).

FPIGURE 28,-kguilibrium dynamic pressure and stabilizer
setting with arrangements A and 3B,

ar
FIGURE 29.-Increase of control force EEE versus stabil-
izer sottiag.
T‘_ﬁ‘ -— T* *
FIGURE 30.- 3L L orsus 2y "

* *
Gy Qv
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